ABSTRACT YorIs, WILLIAM (Loyola University, Hines, Ill.), AND RONALD STANKE. Bacteriostatic action of progesterone on staphylococci and other microorganisms. J. Bacteriol. 92:1285Bacteriol. 92: -1289Bacteriol. 92: . 1966.-Progesterone has been examined in vitro for antibacterial activity against 10 microorganisms. Turbidimetric and manometric techniques were used to assay the antibacterial activity of progesterone. The organisms tested consisted of Staphylococcus aureus, S. epidermidis, Gaffkya tetragena, Bacillus subtilis, Listeria monocytogenes, Candida albicans, Escherichia coli, Aerobacter aerogenes, Salmonella paratyphi, and Proteus vulgaris. Antibacterial action was shown by progesterone only against the gram-positive microorganisms when they were grown in tryptic soy broth containing 10 to 20 ,ug of progesterone per ml. Pregnenolone, 4-pregnen-20j-ol-3-one, and 5a-pregnane also possessed antistaphylococcal properties, whereas pregnanolone, pregnandione, 1 la-hydroxyprogesterone, and 17a-hydroxyprogesterone did not. The bacteriostatic action of progesterone on staphylococci was exerted primarily during the first 8 hr of incubation, and it was reduced in the presence of oxygen. In the presence of 20 ,ug of progesterone per ml, there was significant reduction in the oxidation by resting staphylococcal suspensions or utilization by staphylococci of pyruvate as an energy source during growth.
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There is explicit recognition that the reactivation of an infectious staphylococcal process can be affected by the secretions of the endocrine system (11, 12) . This situation becomes apparent during infancy, puberty, menopausal and postmenopausal years, and pregnancy. In attempts to determine the mechanism of an altered response of the host to staphylococci, consideration must be given to the possible effect of hormones directly on staphylococci (4) . Most studies concerned with the effects of hormones on infectious agents have been performed with the adrenal cortical hormones (8) . The present study was undertaken to determine whether hormones which are known to have physiological effects on animal metabolism (1, 3, 13) The system contained 49.5 ml of tryptic soy broth in a 300-ml nephelometric flask, progesterone at a final concentration of 20 ,Ag per ml of broth dissolved in 0.5 ml of 95% ethyl alcohol, and 7.0 X 106 viable staphylococci. Flasks were incubated for 8 hr on a rotary shaker in an incubator room at 37 C. Three separate experiments were performed with each strain, and the mean values obtained were recorded.
obtained when the inoculum consisted of staphylococci grown in the presence of hormone.
Action ofprogesterone on other microorganisms. To determine the specificity of this action, the effect of progesterone on the growth of various microbial species was determined. Cell suspensions, adjusted with distilled water to 10 Klett units, of S. epidermidis, Aerobacter aerogenes, Escherichia coli, Proteus vulgaris, Bacillus subtilis, Candida albicans, Gaffkya tetragena, Listeria monocytogenes, and Salmonella paratyphi were prepared, and 1 ml of the suspension was inoculated into appropriately labeled nephelometric flasks containing 50 ml of tryptic soy broth and 20 ,ug of progesterone per ml. Turbidity determinations were performed as previously described.
As seen in Table 3 , a survey of the effect of progesterone on the growth of various microorganisms indicated that progesterone exerted an Effect ofprogesterone intermediates. The finding that progesterone had a bacteriostatic effect on the growth of S. aureus served as a stimulus to determine whether progesterone intermediates had any antibacterial activity. To this end, experiments were performed with the six strains of staphylococci in which pregnenolone, pregnanolone, pregnandione, la-hydroxyprogesterone, 17a-hydroxyprogesterone, 5a-pregnane, and 4-pregnen-20j3-ol-3-one were added to tryptic soy broth at a final concentration of 20 Ag per ml of broth, and assayed for antibacterial activity as previously described. As seen in Table 4 , at the 6th hr of the growth cycle 4-pregnen-203-ol-3-one, pregnenolone, and 5a-pregnane showed a 70, 50, and 50% inhibition, respectively, in the growth of the seven strains of S. aureus included in this study. By the 8th hr of growth, the degree of inhibition by these steroids dropped to 42, 33, and 29%, respectively. Under identical conditions, progesterone inhibited the growth of S. aureus 64% after 7 hr and 37 % after 8 hr. Pregnenolone, pregnandione, 1la-hydroxyprogesterone, and 17a-hydroxyprogesterone did not demonstrate any antibacterial activity. a The system contained 49.5 ml of tryptic soy broth in a 300-ml nephelometric flask; progesterone at a final concentration of 0, 5, 10, and 20,g/ ml dissolved in 0.5 ml of 95% ethyl alcohol; and 7.0 X 106 viable staphylococci. Flasks were incubated for 24 hr in an anaerobic Precision Thelco incubator at 37 C. Three separate experiments were performed with each strain, and the mean values obtained were recorded.
Effect ofanaerobiosis. The ability of progesterone to inhibit the growth of five strains of S. aureus under anaerobic conditions was tested at 37 C, in a Precision Thelco anaerobic incubator. After a 24-hr anaerobic incubation in the presence of 20 ,ug of progesterone per ml, all of the strains were severely inhibited and three of the five failed to grow at all (Table 5 ). Progesterone at a concentration of 10 ,ug/ml produced a 33 to 88% inhibition in the growth of the five staphylococcal strains.
Effect of progesterone on the oxidation of pyruvate. Attempts were made to detect inhibition in the rate of oxidation of chemically defined substrates by staphylococci in the presence of various concentrations of progesterone. To this end, pyruvate was chosen as substrate, and the oxidation of this compound by six strains of staphylococci was determined in the presence and absence of progesterone by use of manometric techniques. There was an increasing reduction in oxygen consumption of S. aureus, ranging from 17 to 71 %, when resting cell suspensions supplemented with thiamine and nicotinic acid were allowed to oxidize pyruvate in the presence of concentrations of progesterone ranging from 2.5 to 20 ,ug/ml ( a The flask contents were: 1 ml of cell suspension (0.6 mg, dry weight), 0.5 ml of 0.1 M potassium phosphate buffer (pH 7.0), containing 2 mg of sodium pyruvate, 2 pg of nicotinic acid, 2 ,ug of thiamine hydrochloride, and various progesterone concentrations. A 0.2-ml amount of 40(% KOH and a filter-paper wick were placed in the center wells. Oxygen uptake in air was determined at 37 C. ,ug of progesterone per ml. The flasks were incubated statically at 37 C. Progesterone at a concentration of 20 ,ug/ml was able to produce a marked supression in the growth of S. aureus (Table 7) . DIscussIoN The data presented in this paper indicate that progesterone, in physiological concentrations, had an inhibitory effect on the growth of staphylococci and all other gram-positive organisms included in this study. The effect of progesterone on the multiplication of staphylococci showed that progesterone actually exerted a definite inhibitory action only during the first 8 hr of incubation. Subsequently, the treated staphylococcal cells seemed to grow at a rate comparable with that of the control cells. Since identical results were obtained when staphylococci grown in the presence of progesterone were used as inocula, the transient nature of the initial growth inhibition could not be accounted for by adaptation. The possibility exists that the cessation of the growth-inhibitory action of progesterone after 8 hr of incubation might conceivably be accounted for by inactivation or transformation of progesterone. Fabian (5) has shown that staphylococci reduced 4-androstene-3 ,17-dione, a steroid which can be derived from 17-hydroxyprogesterone, to testosterone in cultures of staphylococci grown in nutrient broth for 24 hr on a reciprocal shaker. It is worthy of note that hydroxyprogesterone did not have any inhibitory action on the growth of staphylococci.
Interference with membrane permeability and active transport may be offered as an alternative explanation for the antibacterial action of progesterone. It has been shown in this study that progesterone inhibited the oxidation of pyruvate.
Progesterone has been shown to be a powerful inhibitor of reduced nicotinamide adenine dinucleotide (NADH2) oxidase (14 (10) , and that both compounds are inhibitory to gram-positive organisms but not to gram-negative bacteria (2, 9).
